Pulse oximetry is a standard of care for monitoring oxygenation in neonates. Associated with the use of pulse oximetry is the cost of patient sensors, especially if the sensor is designed for single-patient use. Pulse oximetry monitoring of sick newborns is routine and often lengthy and, if the pulse oximeter sensor is short-lived, can result in a significant portion in the cost of intensive care.
INTRODUCTION
Despite the precedent of measuring the transcutaneous partial pressure of oxygen (tcPO 2 ), pulse oximetry (PO) has proven to be the more popular means of oxygen monitoring. The ease of sensor application and fixed calibration have been key to the success of PO. The continuous measurement of oxygenation (SaO 2 ) and pulse rate (PR) in very low birth weight infants, during ventilatory and oxygen therapy, and in babies at risk for apnea is now a standard of care. It is also increasingly used for monitoring children in the home, for example, patients with bronchopulmonary dysplasia, requiring oxygen therapy.
PO is a significant factor in the cost of intensive care. The use of disposable, hygienic sensors is preferred, but expensive. Therefore, the durability of PO sensors is important in managing the cost of ICU operations. Hence, we undertook a multicenter trial to study the longevity of Masimo (Irvine, CA) and Nellcor (Pleasanton, CA) neonatal sensors (LNOP Neo and Oxisensor II N-25, respectively).
METHODS
The content of this study is a comparison of longevity between disposable sensors from two pulse oximeter manufacturers: Masimo and Nellcor. Disposable sensors were used in matched groups of patients cared for in a NICU or a step-down nursery of two independent hospitals.
Criteria for joining the study were:
The ethical review board as well as the parents agreed to the study design and the anonymous data collection. Each infant participated only once as a study subject. The different sensors (Masimo LNOP Neo PT and LNOP Neo, Nellcor Oxisensor II N-25) were positioned in an identical fashion and in accordance with the manufacturers' user instructions. The Masimo sensors were cleaned, as needed, with alcohol wipes. However, the Nellcor sensors do not have cleaning instructions, so no effort was taken to clean these. Infants were randomly chosen for monitoring with either the Masimo Radical or the Nellcor N-395 and N-3000 pulse oximeters. The subjects remained on this same monitor/sensor combination throughout the study. The data collected on every patient included: date of birth, birth weight and weight at the time of entry into the study, gestational age and age at the time of entry into the study, name and number of used sensor, reasons for sensor replacement or removal, and start and stop time for each sensor.
RESULTS
A total of 47 children were enrolled in the study in Magdeburg: 25 infants were monitored with Nellcor sensors and 22 with Masimo sensors. The median gestational age was 31 weeks, and the median weight at the start of the study was 1432 g.
In Cottbus, 40 infants used Nellcor sensors and 34 used Masimo sensors. The median gestational age in the Cottbus group was 29.5 weeks, and the median weight at the start of our study was 1965 g. All infants were placed in a heated incubator. There were no significant differences in the patient groups; one teaching person trained all nurses in sensor handling and bedside data collection. Therefore the data from both hospitals could be analyzed together. We compared 65 infants with Nellcor and 56 with Masimo (Table 1) .
In order of occurrence, the reasons for change of Masimo sensors were impaired adhesion (38), soiled condition (12), and lack of displayed value (6). The Nellcor sensors failed to adhere (32), were soiled (4), or failed to display a value (4). The reasons for replacement of sensors were similar in both technologies and there were no significant differences leading to the end of the sensor use.
DISCUSSION
Pulse oximetry is accepted as a standard surrogate measurement for oxygen saturation of the hemoglobin (via SaO 2 ) and of the heart rate (with a display of pulse rate). Almost every patient in a NICU is monitored by pulse oximetry. PO is an integrated feature of nearly all NICU bedside monitors.
1,2 Because of the high incidence of breathing disorders and apneas in preterm babies and young infants, PO has become an important monitoring method. 3, 4 Home monitoring with PO has also become commonplace. In either hospital or home environments, the cost of PO is a significant issue. 5 Disposable PO sensors contain fragile wire leads, a set of LEDs and a photodetector with an adhesive band to secure the components to the monitoring site. Sensor construction differs between manufacturers, with the identified shortcomings being life of the electrical components, loss of adhesive preventing appropriate emitter and detector alignment, and susceptibility to harboring moisture with resultant bad odor. Particularly in a humidified incubator, PO sensors are easily soiled and develop an unpleasant odor. The humidity also leads to less adhesion. Therefore, the consumption of PO sensors increases in this setting and so do the costs.
If the useful life of sensors is increased, as shown in our results for Masimo technology, a remarkable saving of costs in the NICU can occur. 6, 7 Our results show a more than two-fold longevity of the Masimo sensors. There was a nonsignificant trend to increased longevity of the sensors in Magdeburg versus Cottbus (the Masimo and Nellcor sensors lasted approximately two additional days). This phenomenon is not likely the result of sensor design, but the result of less vigorous use of the sensors by the caregivers in Magdeburg. We are aware that the pricing of Masimo and Nellcor pulse oximeters is similar, as is the cost of the LNOP Neo and N-25 sensors. Given this, a two-fold increase in sensor life translates into dramatic savings in settings where long-term PO monitoring is routine, such as neonatal care.
CONCLUSIONS
Pulse oximetry is widely used in NICUs and is increasingly used as part of home monitoring. For hygienic reasons, disposable sensors are commonly used but can be costly. An infant's oxygenation status is often monitored with PO for many weeks, so extended sensor life can result in a large saving in the overall operation of the intensive care nursery. We conducted a multicenter trial of pulse oximeter sensors from Masimo and Nellcor and found 
